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DIFFRACTION OF A PLANE WAVE BY A THREE-DIMENSIONAL CORNER

by

Lu TingT and Fanny KungTT

ABSTRACT

By the superposition of the conical solution for the diffraction of a
plane pulse by a three-dimensional cormer, the solution for a general incident
plane wave is constructed. A numerical program is presented for the computa-
tion of the pressure distribution on the surface due to an incident plane
wave of any wave form and at any incident angle, Numerical examples are
presented to show the pressure signature at several points on the surface
due to incident wave with a front shock wave, two shock waves in succession
or a compression wave with the same peak pressure. The examples show that
when the distance of a point on the surface from the edges or the vertex
is comparable to the distance for the front pressure raise to reach the
maximum, the peak pressure at that point can be much less than that given
by a regular reflection, because the diffracted wave front.: arrives at that

point prior to the arrival of the peak incident wave.
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1. INTRODUCTION

Although the pressure wave created by a supersonic airplane is three-
dimensional in nature, the radius of curvature of the wave front is usually
much larger than the length scale of a structure. Therefore, the incident
waves can be approximated by progressing plane waves composed of compression,
expansion and shock waves. By the decomposition of a plane wave to a
succession of plane pulses, the basic problem is therefore the diffraction
of a plane pulse by a three-dimensional corner.

After the incidence of a plane pulse on a:three-dimensional corner at the
instant t = 0, the disturbed regions behind the incident plane wave are
either a simple reflection from the surface of the corner, a two-dimensional
diffraction by an edge or the three-dimensional diffraction by the vertex
as shown in Fig. 1. The last region is confined by a sonic sphere r = Ct,
centered at the vertex. The solution for the diffraction by an edge is a
two-dimensional conical solution obtained by Keller and Blank [1]. Once
the appropriated two-dimensional solutions corresponding to the incident
angles are constructed, the boundary data on the sonic sphere about the
vertex are obtained and the three-dimensional conical solution inside the
sonic sphere is constructed by the determination of the eigenfunctions and
their coefficients [2], In the next section, the essential procedure and
the equations required for the numerical program I are presented for the
computation of the following items: i) the two-dimensional conical solution
for each edge corresponding to the direction cosines of the incident wave,

ii) the boundary data on the sonic sphere around the vertex and iii) the.coefficients



in the eigenfunction expansions of the solution inside the sonic sphere.

In section 3, the superposition of the solution of the diffraction of
a plane pulse to that of a plane wave of a given wave form is described.
The superposition is carried out by numerical program II with the coefficients
of eigenfunctions expansions from program I and the incident wave form as
input data. Numerical results are presented showing the pressure signatures
received by several points on the surface of the‘éornégfcéfresponding Fo
various types of incident wave forms.

Both the numerical program I and II are described and listed in the

appendix.

2. INCIDENCE BY A PIANE PULSE

Fig. 1 shows a unit plane pulse incident on a corner of the cube. The
*
three edges are chosen as the three coordinate axes Xj with j = 2,3,4. The
direction cosines of the normal to the incident pulse are designated as nj

with ng + ng + nZ = 1. The equation for the plane of the incident pulse is

X, +n, x, +1n, x, =1 (1)

with x, = x,/(Ct
i X_] XJ/( )

where C is the speed of sound and t is the time after the passing ‘0f the:plane
pulse over ‘the vertex. |

If the plane pulse hit the j - th edge first before hitting the vertex,
nj will be negative. This happens when the incident pulse diffracted by the

first corner of the cube is subsequently diffracted by the adjacent corners.

They begih with 2 so that the index j-1 will ‘hever be zero which will not be
accepted by the computing machine.
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For the incidence of a plane wave with the first corner of a building,
n,'s are nonnegative, i.e.,
]
n, =0 j=2,3,4 (2)
In order to avoid the complicated discussion for various cases when one,
two, or all of the nj's are negative, the discussions in this report

will be restricted to the case of Eq. (2). . . - . .

The plane pulse is intercepted by the j-axis at Xj = l/nj, and inter-

sects the xj-xj_1 plane along the line

n, . x, ,+n, x, =1 3
j=173-1 373 3
For the convenience of programming, quantities with subscript 1 and 5 are
identified with those with subscript 4 and 2 respectively.

The diffraction due to the j-th edge is confined inside.the Mach cone

Gj with vertex at Xj on the ij axis,

- - 2 - 2.% 2.%
G.: (I-n, x.) > [(x, + (%, 2 (1-n))" 4
g7 ey £ > [E D7+ &, 717 (1n)) )
The diffraction by the vertex is confined inside the sonic sphere
~2 =2 -2
S: X,y + Xa + %, < 1 (5)

The plane pulse will be reflected by the face, §j= 0, (the ij- - X

17 F5+1

plane) since nj > 0 and the plane of the reflected wave is

P, =n, ;. -n, x, +n, x, =1
j j-173-1 j 73 j*+1 73 (6

Across the reflected wave i.e., from Pj > 1 to Pj < 1, the pressure rises



from unity to 2.

Inside the cone Gj but outside and ahead of the sonic sphere S, the

solution is a function of two conical coordinates_gj and nj with

- 1 2.k 1 2 L
_ By U g (40y)

gj ~ 1l-n.x, and “j -

l-n, X.
J ] J ]

The cone Gj becomes the domain inside a unit ciréle,

2 2
. tn. =1,
SR

The reflected wave Pj- in E,n variables becomes

1

2y

Mia1 o 85 TPy = Ay

and it is tangential to the unit circle at the point

- - 2. % - 2.%
Ayt B= -nj_l/(l-nj) and n,= -nj+1/(1-nj)

Similarly the reflected wave Pj+1 becomes

=+ n = (1 2)2
= .(1-n.

and the point of contact to the unit circle is
+ 2)%

. 2.% + _
AytEs = nj_l/(l-nj) and nj = nj+1/(1-nj

(7)

(8)

(9

(10)

as shown in Fig. 2. The boundary condition on the unit circle, pj=1’ for

the disturbance pressure p is

+
= 2 . w.>86.>0
P i j
- +
=1 w. > 6., > w.
P i~ %57 Y
p =2 3m/2 > ej > w}



+ . +
where wj = arcsin nj

and pj’ ej are the polar coordinates in gj’ ﬁj plane.

The disturbance pressure which lies inside the sonic cone Gj but ahead

2 2 2
i d i i by the two-
of the sonic sphere, xj+l + xj + xj_1 > 1 an xj > nj, is given by the

dimensional conical solution [1],

p=1+p, (p,,0,) for I= p.> 0 and /2> 68.>0 (1)
] J° ] J J
with
- - + +
. = Pp. . . .) — p. . ., w.) + 1
pJ PJ (pJ, eJ’ wJ) PJ (DJ; GJ wJ)

(132 sin (20, /3)
rctan where the arc-
25 cos(29 /3)- (1+p ) cos (2w /3) 2/3

tangent lies in the first and second quadrants and 7 p= {p /[1+(1 p ) ]}

A=

+
and PT (p-s e-’ w-) =

In the domain common to the cones Gj and Gj+1 from two edges j and j+1

but outside the sonic sphere S, the disturbance pressure is

In the domain ahead the two cones Gj and Gj+1,and behind the reflected shock

Pj—l’the disturbance pressure is

p=2 (13)

In the remaining domain outside the sonic sphere and behind the incident

shock, the distrubance pressure is

p=1 (14)



Ahead of the incident shock, the pressure is of course undisturbed,

p=20 (15)

Equations (11) to (15) define the disturbance pressure outside the sonic
sphere S.
For the pressure distribution inside the sonic sphere S,the pressure

distribution is represented by the eigenfunction expansions,

P(Cousp) = 2 K z, ©) Gx(“’ep) : (16)
y M oA

-2 -2 2. %
where { = r/(Ct) = (x2 + Xy + x4)2

X = Cit
= 2.5 _.
X, = (1447)* sin Q@-3ﬁ/2)’
- 2. %
and 2= ¢ ™) cos -3m/2)

The eigenvalues ) 's, the eigenfunctions Gx(u,@) and the associated function
Z, (C) are defined and are determined. by the first numerical program in Ref. 2,

d

The constants A r characterizing the function Gx(u£@b a

m Pm S P o 2"
the eigenvalués A 's are now introduced as the input data for the programs in
this‘report.

For a given set éf direction cosines (nj) of the incident pulse,
program I computes the following items: i) the pressure distributions in the
various regions outside of the sonic sphere by the appropriate equation of
Eqs. (11 to 15), ii) the boundary data, F(u,p) on the sonic sphere and
iii) the coefficients Ki in Eq. (16) for the solution inside the sonic sphere.

The coefficients Exare related to the boundary data by the equation (see

section 5 of [2])



oo
=% dp F(u,) GQu,p)
KX {JO%L@ Ws) G,

/2 ‘
G F ) G} (17)

o] a]

-1 =3r/2

Program I in this report is a generalization and an extension of the
second program in Ref. 2 to compute the coefficients KX for any incident angle
and to compute the pressure distribution outside the sonic sphere. With
the knowledge of Kx, the pressure distribution inside the sphere is given by
Eq. (16) and are computed by the third program in Ref, 2. Figures 3, 4, aﬁd 5
show the pressure distribution on the surface due to the incidence of a unit
plane pulse with direction cosines, 0.3, 0.4 and 0.83333. The discontinu-
ities in the slope of the pressure distribution occur at the crossing of the

sonic cones around an edge and that of the sonic sphere.

3. INCIDENCE OF A PLANE WAVE

The incident plane wave p, can be represented in general as
p; = ¥(s)

with s = Ct - (n2x2 + n3x3 + n4x4) where the wave form ¥ is a given function

of its phase s and n.'s are the direction cosines with respect to the axes
J

X,
]

When the wave form is a Heaviside function, the diffraction due to the

three-dimensional corner is given by the conical solution described in the

preceeding section. It will be designated as p* (r/(Ct), Usp). The solution



corresponding to a plane wave of wave form ¥(n) is given by the Stieltjes

integral

p(r,0m,e) = [ P¥ CEm, we) av)
r (18)
=§ p* E?:HJ] [(‘Y(’nj_H) - Y(nj):]

The second form is employed in the numerical program II for the computation
of the pressure signature for points in the surface of the corner.

Numerical examples have been carried out for various wave forms with
njzllffgi Fig. 6 shows the pressure signature received at points r = 0, E
and 1 along the line dividing the top surface of the corner (U = 0, ¢ = m.
The incident wave is a simple N-wave in sonic boom problems with front shock
strength ¢. The length of the N-wave,which is 4, is nearly the length of an
airplane. The unit length scale in the numerical examples is therefore of
the order of hundreds of feet. As shown in the figure, the pressure signature
at the vertex is 8/7 times the incident wave form in agreement with the
theorem stated in [2]. ‘At point r = 0.5, the front part of the pressure
signature is equal to twice the incident wave form, i.e. the same as a regular
reflection and then decreases from the value of a regular reflection after the
arrival of the diffracted waves from the edges and corner. Similar phenomenon
is observed for the pressure signature at r = 1 with a relative delay in the
arrival of the diffracted waves.

Fig. 7 shows the pressure signature at r = 0.5, 1.0 and 2.0 along the
same line y = 0, ¢ =1, while the pressure raise in the incident wave in
Fig. 6 is now spread over a thicknesé of 0.3. The peak pressure received at

r=0.,5and at r = 1.0 is less than twice the total pressure raise, i,e., ‘the



value of regular reflection while,at r = 2.0 it is equal to the value of
regular reflection. Fig. 8 shows the pressure signatures at the same set

of points with the pressure raise in the incident wave spread over a
thickness . of 0.5, The‘peak:pressure'at'all'these points_are less than thekﬁélue
given By a regular reflection.

The differences in the value of the peak pressure at a point on the
surface from that of a regular reflection is due to the arrival at the point
of the diffracted wave front prior to that of the peak incidence wave front.
This is the case for all the points in Fig. 8. 1In Fig. 7 the pressure raise is
faster, so that at r = 2, the peak incident wave arrives prior to the
diffracted waves and the peak pressure at r = 2 is the same as the value of a
regular reflection. In Fig. 6, the shock thickness is zero, therefore, the
peak value at any surface point is Fhe same as in a regular reflection with
the exception of points along the edgesvand at the vertex which always lies
inside the diffracted region.

Fig. 9 shows the pressure signatures at r = 0.5, 1.0, and .2.0 along the
same line yy = 0, ¢ = 7 when the front shock in Fig. 6 is split to two shock:
waves joined by the expansion wave of thickness 0.3, Although the peak
pressure is the same as that in the single shock, the peak pressure received
at points r = 0.5 and 1.0 are nearly 257 less than that in the case of regular
reflection., The peak pressure at point r = 2,0 does reach the value of
regular reflection i.e. 2¢. Fig. 10 shows the pressure signatﬁre at the same
three points when the fromnt shock is.split into two shocks separated by an
expansion wave of thickness 0.6. The peak pressure for all three points are
now nearly 25% less than the value 2¢ in a regular reflection. Figs. 9 and 10

again demonstrate that when the diffracted wave front arrives prior to the arrival



of the peak incident wave, the local peak pressure can be much less than the
value given by a regular reflection.

The time interval between the arrival at point r along the line
@ = 0, o =1) of the leading incident wave and that of the leading diffracted
wave from the edge (both edges in the present example with n, = n, =mn, = 1/V=3"
is

AT, = (d/C) [J2-1]/VF6 (19)

The time interval between the former and the arri§a1 of the diffracted wave from

the vertex is
AT, = (x/C) W3-y 21/ 3 (20)

When the distance between the two split front shock waves is d, the time: inter-

val between the arrival of the two shock waves at the point r is

AT* = (d/C) (21)

The condition for the point r to receive a peak pressure less than that of

a regular reflection is ATl < AT*, that is,

r/d <J6/(J2-1) = 5.92 (”22)

In the problem of sonic boom, the length scale of the incident wave is
about one cﬁartef the length of an airplane. When the distance between two
front shocks is 0.3, the maximum radial distance r allowed by the criterion
(22) is nearly 1.8, therefore it is of the order of half an aifplane length. or
hundreds of feet. 1In other words, when the front shock is split into two
shock waves (Figs. 9, 10) or spread out to finite thickheSS; the area on the
surface of the corner within a significant distance from the vertex (of hundreds

of feet) will receive a peak pressure much less than the value given by a

10



regular reflection due to the relief from diffraction by edges and the vertex.

CONCLUS ION

In this report, numerical programs are presented for the computation of
pressure distribution on the surface of a three-dimensional corner due to an
incident plane wave of any wave form at any incident angle. Numerical examples
show that the area on the surface of the corner within a significant distance
from the vertex which can be (of the order of hundreds of feet) will receive a
peak pressure much less than that of a regular reflection when the front shock

is split to two shock waves or when the total pressure raise is spread to a

finite thickness,

11
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APPENDIX
NUMERICAL PROGRAMS

Program I : determination of coefficients KX of the eigenfunction from
the given eigenvalues of ) 's at'a given set of direction

cosines (nj) of the incident pulse

Input Definition

ETA(J) :n, n, n,, the direction cosines of the normal to the
incidént pulse

11 scontrol constant

II=1 ; for the calculation of Kxﬁfor odd function

II equal to any integer other than one; for the
calculation of Y for even function

NMAX:
} number of terms in the eigenfunction
LMAX:
XLAM: %\, eigenvalue
BMIN (J): associated constants for odd function

1

DMIN (L):J associated constants for even function

INPUT FORMAT

II = 2,  NMAX, LMAX (315)
gop XLAM (F15.0)
° { BMIN(J) (5F15.0)
DMIN (L) (5F15.0)

S
>}

END FILE

NM%X} IMAX
{3

END FILE

II

[]
|—A

13



Note that the input data of XLAM, BMIN(J), DMIN(L) are determinated by the
first program in Ref. [2], and the input data of NMAX, LMAX must be the
same as that program. The calculation of at ) = 0 for the even function
must be calculated first, and the end file tards are used to separate even
function and odd function.

Qutput and Definition

XLAM P A These are input data listing
BMIN(J) f
DMIN (L) coefficients for identification and verification
ETA(2) , ETA(3) , ETA() My, Mg, T, 2 set of direction cosines
(n 3 ) '
K(LAMDA) : KX’ the coefficients of the eigenfunction

of incident pulse.

Program II: to determine the pressure distribution due to plane wave
of a given wave form

Input Definition

R: r

THE: ¢ } Spherical coordinates of pts.

PSI: o

ETA(2), ETA(3), ETA(4): n,, N4, 1, 2 set of direction cosines
n,
(J)

RSTART: the first value of r for pressure
calculation

TSTART: the initial value of T for pressure
calculation at each value of T

RMAX : maximum value of r for the pressure
calculation

TMAX : maximum value of t for the calculation

of pressure distribution at each r

14



DELTT: At. time increment T = Ti -n-At

NR: number of points r between RSTART and RMAX
NT: number of points T between TSTART and TMAX
NUMBOG: total number of ) for even or odd function
NFMAX : total numbers of F(I)

F(I): the increment of incident wave form function

¥ between”phases‘S and S;-1

INPUT FORMAT

11 = 2, NMAX, IMAX (315)
NUMBOE (15)
Se t
BMIN(J) }(5F15.0)
DMIN(L)

2 )

-

END FILE
I1 =1, NMAX LMAX
NUMBOE Set{ }
Set{ }
END FILE
Qutput

The input data are printed in the first part of the output, and there are
NR numbers of tables in the second part. Each table is for each value of
r, and the pressure distributions are printed in the first column, and the
second column are values of T from TSRART to TMAX.

15
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c PROGRAM 1

ﬁJQ__"Q§IER&LﬂAllQN_QE_IH£_€O€£E+€+EN4S—GF—*HE—ETGEﬁFUNLIIUN EXPANSTON FROM
C THE INITIAL DATA

... _DIMENSION F(70),FUP(7O.701-FRTI70=7“!:SFL(?Oy?e
DIMENSION SUMJ(?O);SUML(?O)sBMIN(?O),DMIN(70)
DIMENSION FTA(IO) . : =
COMMON ETAyWFl’WF29BWFI9BWF29XXI .

P1=341415924 o
XX I=1 L) R
_ _._READ(5,7000) (ETA(T)al=2,4) ' .
7000 FORMAT(3F15,.,8)
FTA(1)=FTA(4)

o

L3 rd-

21Ty

ETA{SY=ETA(2)

DO 402 J=244

SIGNEP=SIGN(1.,ETA(J+1))

SIGNEM=SIGN(1e¢4FTACI=1)])

ABSEM=ABS(ETA(J—1))

ABSEP=ABS(ETA(J+1))

FJDJM=ETA(J—1)**2+ETA(J+1)**2

IFISQRT(EJPIM)I=(1,F~08)) 444 4444 4445

4bb4 WO=PI /4,
BWO=(5,%P1) /4,
GO TO 446

L45 WO=ASTIN(ABSEM/SQRTIFJP UMY )

' BWO=ASTN(ABSEP/SQRT(EJPUM))

446 CONTINUE
WETITJT=TPT/2.~-WO*SIGNEM)I*(2,./3,.)
WF2(J)=2 %P T1-WF1(J)
SWFITIY=(PT+BWO*STGNEP 1%(2,4/3,)
BWF2(J)=2+#P1=BWF1(J)

402 CONTINUE
LLMAX=50
IDIM=T70
MAXLI1 =60
MAXTOP=60
MAXUJ2=60
MAXBOT=60

1000 READI(5,1001) IToNMAX s LMAX
TI00T FORMAT (216)

IF(ENDFILE 5) 9999,1002
1002 CONTINUE

IF(IT «EQe 1) 101,103

¢
(. -
T7CT DD FUNCTION 16




101 TTMAX=LMAX+NM

AX

WRITE(6451003)
1003 FORMAT(1H1#

00D FUNCTION#®)

NCALL =NMAX
LCALL=LMAX

GO TO 104
C

C EVEN FUNCTION

103 TTMAX={MAX+NMAX+2

WRTTET6,1004)
1004 FORMAT(1H1,%

EVEN FUNCTION®)

NCALT=ENMAY+T
LCALL=LMAX+1

L1U4 CONTTRUE
WRITE(64+7532)

ETA(2)sETA(3)+sETA(4)

7532 FORMATT® ETAT
PI1=3.1415926

2)=*.E12.5y3X9*ETA(3)=*’EIZ.5’3X’*ETA(4)=*9E12.5)

AL PHA=PTI/Z,
XMU=0.

PPAHI=Z ¥ (PT-ALPHA/ 7]
XNU1=PI/PPHI }
- "'*WPPHI 7 e
EPS =0.000001
I N N X )

’
502 FORMAT( *

T TR0 READ TS TOUT XA

\ 14
IF(ENDFILE 5)

N“AX:*;IS;SX.*LMAX:*;IS»SX;*IIMAX=*,15)

1000,1111

1 CONTINUE

o

1
1

T
0 FORMAT(5F15.0)

READTS,100)
READ(5,4100)

BMIN{TYsIT=1sNCALCL)
(DMIN(LYsL=1,LCALL)

U0=0.
MAXPUS=MAXTOP

+1

INDEX=T
WRITE(6+32) X

LAM

——32"FORMATY *
WRITE(64+503)

XLAM=%,4,FE15,8)

T 503 FORMAT(//%
WRITE(6+304)

COEFICIENTS OF EIGENFUNCTION*)
(BMIN(I)s1=1,NCALL)

WRTITE(6,304)
304 FORMAT(5E20.8

(DMIN(L) sL=1,LCALL)
/(EX+5E2048))

DELUI=(1.-U0-

24*EPS ) /MAXU]L

MAXUST=MAXUL +1

UK=UO+EPS

DO 5 I=1,MAXUST

TOTARG=0,

17




R i - v e o 2 . 0 g g
DO &4 JU=1,MAXPUS

e e L n I Y -
7F‘.J"l\l’\11 L) ~ T

4 CONTINUE
. IROW=1 v -
. n013 J=1,NCALL
IF(I! oFEQe 1) 1114113

>
-

3+
X

tll\ R

_C_ ODD FUNCTION
111 CONTINUE
- XVAL=J
CALL SININT(FUPsXVAL s IROWsMAXTOPSP14+0IDIM »TRIINT)
_ GO TQ 114

C . EVEN FUNCTION .
113 CONTINUE
. XVAL=J-1 ]
CALL COSINT(FUPsXVAL »IROWsMAXTOPsPI+0sIDIM -TRIINT)
116 CONTINUE

SS=XVAL
CALL PPDD(SSeXLAM,UIK sLLMAX4PP,DP)
TOTARG=TOTARG+BMIN(J) ¥PPXTRIINT

13 CONTINUE

© SUMJ(I)=TOTARG
Uk =UK+DELUL

5 CONTINUE
TOTEM1=SUMJ(1)

DO 19 T1=2,MAXU1
COFF=3,4(~14)%%1
TOTEMI=TOTEM1+COFF#SUMJ( 1)

19 CONTINUE

TOTEMI=(TCTEMI+SUMJ{MAXUST ) ) *DELU17 3«
MAXPUS=MAXBOT+1

INDEX=2
DELU2=(1++U0=24,*%EPS ) /MAXU?2

MAXUSM=MAXUZ+1
UK=-1e+EPS

DO 9 I=1sMAXUSM
TOTARG=0.
CALL FFF(UKs INDEXsMAXBCT 4FoI14PPHISIDIM)
DO 8 J=1,MAXPUS
FBT(IsJ)=F(J)
8 CONTINUE

IROW=1
DO 23 L=1,LCALL

IF(IT «EQe 1) 121,123
18




g

C ODD FUNCTION
——..121 CONTINUE

XVAL=(2%L-1)%XNU1

. CALL SININT(FBToXVAL » IROWsMAXBOT yHALPHI 90, IDIM »TRIINT)

GO TO 124
-

C EVEN FUNCTION
123 _CONTINUE

XVAL=2%( =1)#%#XNU1
CALL COSINT(FBTsXVAL» IROWsMAXBOT ¢HALPHI sCsIDIM oTRIINT)

1264 CONTINUE
SS=XVAL

UF=-yK
CALL PPDD(SSsXLAMsUFsLLMAX PP 4DP)

TOTARG=TOTARG+DMIN(L) *PP*TRTINT
23 CONTINUE

SUML(T)=TOTARG
UK=UK+DELU2

9 CONTINUE
TOTEM2=SUML (1)

DO 29 T=2,MAXU2
COEF=3e+(~1q)#x]

TOTEM2=TOTEMZ2+COEF*SUML (1)
29 CONTINUE

TOTEMZ2=(TOTEMZ2+SUMLTMAXUSM) Y*DELTU273.
EEEM=TOTEM1+TOTEM2

WRTTE(6L,II)EEEM
11 FORMAT( /20X s%#K(LAMDA)=%,F15,8)

WRITET64+401)
401 FORMATL///77)

GO TO 400
9999 STOP

END

19




1RO

C F

SHRROULIT IMNE SININTI LD  Yy/al
\\(.JX\VVIII‘L NMNATYN T TS ST kRN R —N aar 4na

Tl IM IDIM . IRIINTS
Ao e =y L Bt T B A

TLON'S METHOD FOR THE NUMERICAL EVALUATION OF TRIGONAMETRICAL
--C. INJgggAl5--(!NTECpANn~FDlP\*<INIX*D\)

DIMENSION FP(IDIM,IDIM)
HH= (UPL IM-BOTL IM) /MAXST

SZS=O.5*FP(IROW;I)*SIN(XVAL*BOTLIM)
DO 14 J=3,MAXST,2

14
o J=MAXST+]

P=BOTLIM+(JU-1)#HH

“SZS=SZS+FP(IROW’J)*SIN(XVAL*P)

CONTINUE

SZS=SZS+O.5*FP(IROWsMAXST+1)*SIN(XVAL*UPLIM)

S25M=0,

DO 16 J=24MAXST,?2
P=BOTLIM+{ -1 )%*HH

SZSM=52$M+FP(IROW9J)*SIN(XVAL*P)
CONT INUE

THE =X VAL *HH
IF(THE-042) 25,521,421

ALPHA:(THE**2+THE*SIN(THE)*COS(THE)‘Z.
“BETA=2.*(THE*(1.+COS(THE)**2)—2.*SIN(T

*SIN(THE) #%2) /THE*%3
HE)*COS(THE))/THE**B

GARM=4.*(SIN(THE)—THE*COS(THF))/THE**B
GO TO 31

25 ALP’HA=2.*THE**3/45.—2.*THE**5/315.+2.*

BETA=2./3.+2.*THE**2/15.~4.*THE**4/105

THE*%#7 /4725,
o+2 4 ¥ THE* %L /567,

31

GARM=4./3.—2.*THE**2/15.+THE**4/210.-T
FA=FP(IROW,s1)

HE*¥6 /11340,

FB=FPTTROW.MAXST+T)
TRIINT:HH*(-ALPHA*(FB*COS(XVAL*UPLIM)-

FA*COS(XVAL*BOTLIM) )+RETA*

1525+GARM*S25M)
RETURN

END

20




SUBROUTINE COSINT(FP s XVAL » JROWMAXST yUPLIMsBOTLIM,IDIM,TRIINT)

C FILON'S METHOD FOR THE NUMERICAL EVALUATION OF TRIGONAMETRICAL
ol INTEGRALS~=(INTEGRAND=FP(P)*COS(X*P))

DIMENSION FP(IDIM,IDIM)
HH=(UP{ TM-BOTL M) /MAXST

S25=0+5%#FP(IROWs 1) *COS(XVAL*BOTLIM)
DO 14 J=3,MAXSTe2

P=BOTLIM+(J-1)%#HH
e 5253525 +FP ( TIROW J) #COS ( XVAL#P)

14 CONTINUE
JE=MAXST+]

S25=525+0.,5*FP (TROWsMAXST+1) ¥COS(XVAL¥UPLIM)
S2SM=0Q,

DO 16 J=24,MAXST,?2
P=BOTLIM+(J~1)*HH

S25M=S2SM+FP (TROW s J) *COS(XVAL*P)
16 CONTINUE

THE=XVAL¥HH
IF(THE=-06e2) 25,21,21

21 ALPHA=(THE**2+THE*SIN(THE)*COS(THE)-2.*SIN(THE)**Z)/THE**B
BETA=2,*(THE#(1e+COS(THE ) %#2) =24 #*SIN(THE)*COS(THE) ) /THE*#3

GARM=4 o # (SIN(THE)~THE*COS(THE) ) /THE*¥3
GO 7O 131

T 25'ALPHA=2.*THE**3/45.fZ.*THE**S/BlS.+2.*THE**7/4725.
BETA=24/3e+2e#THERX2/154-4 o #THE##4 /10542 ¥*THE**6/567 o

GARM=4¢4 /3¢~ ¥ THER X /15 s+ THE* XKL /210, ~THRE¥¥G /11350,
31 FA=FP(IROW,s1)

FB=FP(IROWsMAXST+1)

TRIINT=HH*( ALPHA* (FB®*SIN(XVAL®*UPLIM)=FA*SIN(XVAL*BOTLIM) )+BETA*

1525 +GARM*S2SM)
RETURN

END

21
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T T SUBROUFINEFFFHOUY N E XMy
DIMENSION F(IDIM)

—Plxad 1418024
AR Sanadve i Br 2 v W ap- g v

IF(INDEX oEQe 1) 4,46

—— 4 DFEIPST=PT/FI OATI{MAX)
GO TO 7
6 DELPSI=PPHI/FLOAT(2#MAX)

7 CONTINUE
PSI=0.

MAXPUS=MAX+1
DO 19 N=1,MAXPUS

BPSI=PSI-PPHI/2.
CALL FSF(BPSTsUULFS sPPHT)

FA=FS
i BPSI=2,#P1-PS{-PPHI/?,

CALL FSF(BPSIsUUSFS »PPHI)
FB=FS

IF(II «EQe 1) 14,16
14 FI(N)=(FA-FB)/2,.

GO 10 17
16 FINI=(FA+FB) /2,

17 CONTINUE
PSI=PSI+DELPSI

19 CONTINUE
RETURN

END

22




SUBROUTINE CONPDIRHMO S TAlI WY o W2 aS5SePC)
PI=3,1415926 : : ‘
EPSIL=0.,000001 e
CON1=1o~RHO%%2 :
IF(CONI+EPSIL) 10510+14
10 WRITE(6411)
1] FORMAT(* 1-RHO##24FPSTI Ll Fe ZERQOs CHECK THE PROGRAM %)
sToOP
—..__14 IF(CON1 115,15417 _—
15 GG=1. )
GO TO 21
17 GG=(RHO/(1++SQRT(CON1)) ) #*S§S
21 BTAU=SS*TAU
DD=(1e~GGH%*2 ) %#SIN(NeS*(W2-W1))
CC=(]e+GORRD I ¥COS(NSH(W2=W1)) =2 ,%#GG*COS(BTAU~(W2+W1)1#0,45)
SQCD=SQRT(CCH**24+DD#%2)
_IF(SQCD-EPSIL) 23,25,25
23 PC'—'O.S
GO TO 30
25 IF(CC) 284264926
26 PC=ASIN(DD/SQCD)/PI
' GO TO 30
28 PC=ASIN(DD/SQCD)/PI*#(~1e)+1e
3D CONTINUE
RETURN
END

| 23




——\SUM*E_F_&%*“. Fs Pl\ll'l
Lal Ll 34

DIMENSTION ETA(10)eX(10)sF(10)sWF1({10)sWF2(10)+sBWF1(10)sBWF2(19)
' E24XX1 ‘ e

EPS=1,E-06 .
P1=3,1415926 , e

CON523=20/30
EEPS=]1eF~05

199

CONTINUE

X(2)1=XXT#SQRT (1 4-U®*2 ) XSTN(BPST) ' R

X(3)=XXI*SQRT(1e-UUR*2)%COS(BPST)

X(4)==XXT%Ul) _ ‘ . , L
TESTX2=ABS(X(2))
TESTX3=ARS(X(3)}

TESTX4=ABS(X{(4)) .
IF(TESTX2 L1 Fe FPS) 1915192 S

191
192

X{2)=0.

193
194

IF(TESTX3 oLEe EPS) 1935194 » e
X(3)=0. :
CONTINUE

198

CONT INVE
X(1)=xXt4) : : e

X(5)=X(2)
IF(XXI-1e) 201+203,203

201
202

WRITE(6+202)
FORMAT(* ERROR XXI olTe 1-=~CASE A¥)

203

STOP
IF(X‘Z) eGTa Oe <«AND. X(3) +GTa Oe¢ oANDe X(4) eGTe Oo )204’206

204

THALPT=ABS({BPST~1.57079632)
IF(THALPI-EEPS) 208+208,209

208

BPST=BPSI+EEPS
GO TO 199

209
205

WRITE(6+205)
FORMAT(*# ERROR X(2)sX(3)s AND X(4) «GTe 1E~06——-~CASE B#%)

206

STOP
SUMXN=0.

207

DO 207 J=2+4
SUMXN=SUMXN+ETA( J)=X(J)

211

IF{SUMXN=-1e) 215+213,211
FS=0oe

213

GO TO 300
FS=0e5

215

GO TO 300
DO 258 J=244

221

IFIXTJ)=ETA(UY) 22192239223
F(J)=100.

GO TO 259
24




223

VAL1=SQRT(ETA(J=~]1 ) ##2+ETA(J+])%%2)
VAL2=214~ETA(J) #X(J)
Y={X{J-1)#VAL1)/VAL?

Z=(=X{J+]1)#VAL1) 7/VAL2
RHO=SQRT (Y##242%#%2 )

225

IF(RHO-1e) 225,225,251
CONT INUFE

226

IF(RHO-EPS)2264226,228
TAUzPI/2a '

228

GO TO 240
CONTINUE

TAUO=ASIN(ABS(2/RHO})
IF(Z) 2354+231,231

IF(Y) 233,232,232
TAU=TAUO

GO TO 240
TAU=PI-TAUO

GO TO 240
IF(Y) 236423649237

TAU=PI+TAU0
GO TO 240

IF(X(JY) 1237+1237,1238
F(J1=100. ]

GO TO 259
CONTINUE

WRTITE(8+238) TAUOs»TAUSYsZ _
FORMAT(# ERROR FOR Y oGTe AND Z oLTe O=-=~CASE C%/4E2048)

WRTTET89253) JeVALYL+VALZ S RACSXTZY s X (3 o X( &) s XXT+BPSTI sUU
STOP

CONTINUE
Wl=WF1l(J)

W2=WF2(J)
BW1l=BWF1(J)

Bw2=8BWF2(J)
CALL CON2D(RHOsTAUsW1+sW23CONS234F1IF)

CALL CON2D(RHO,TAU.BW1 +sBW2+sCONS23,FITF)
SIGNEP=SIGN(1lesETA(J+1))

243

SIGNEM=SIGN(1esETA(J-1))
F(J)= ((1e—FIF)#SIGNEP+FIIF%SIGNEM)

251

GO TO 259 :
F(JY=100.

259
258
253

CONTINUE
CONT INUE

FORMAT(13,9E13,5)
SUMF =0,

DO 261 JU=2+4 o
25




WY
SUMF SﬁMFTr\JI

261

CONT INUE

e IF{SUMF-EPRS) 260+260+262—

260

FS=SUMF+1,
GO _T0 300

262

CONT INUE
IF(SUMF=90e) 26342635265

C

_ C==——INSIDE ALL THREE CONES

_.__264

263

WRITE(6+264) (F(J)eJ=194)sFIFsFIIF
FORMAT (* ERROR SUMF oLEe 90-——CASE D*/6E20.8)

WRITE(69200) VAL1sVAL29YsZ9sRHOsTAUOSW1sW2sFIF+sBW1+BW2sFIIF
STop

IF(SUMF=190s) 2674267269

-INSIDE TWO CONES AND OUTSIDE THE THIRD CONE
FS=SUMF~100.

GO TO 300
IF(SUMF=290,)2719271+272

INSIDE ONE CONE ONLY

FS=SUMF=199,
GO 70 1300

272

CONTINUE

C-==-0
273

UTSIDE ALL THREE CONES
DO 279 J=2+4

TEST=ETA(J-1)¥X(J-1)-ETA(JI®EX(JIV+ETA(J+]1)*X(J+1)
DJ=ETA(J+1)

DM=ETA(J-1)
IF(X(J) olLEs Oe OANDO TEST oLTe 1) 275'279

275
279

TF(X{J+1) oGEe DJ +ORe X{J~=1) oGE. DM) 281,279
CONT INUE

FS=1le.
GO 70 300

281
300

FS=2.
CONTINUE

301
200

FORMAT (# SUB FSF(NEW)® 5Xs 5E20,.8)
FORMAT(6E2048)

RETURN
END
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SUBROUTINE PPDD(SSeXLAMsXMUSLLMAX PP ,DP)

C SUBROUTINE PPDD--WITHOUT.DP

XNU=SS

EPS=]1E-06
DD=1.

TEM1=1,
—_— ZXm(la=XMII) /2,

IF(ABS{ZX) oLE.
3] CONTINUE

EPS«ANDe ABS(XNU) oLEe EPS) 35931

DO 40 L=2,LLMAX
ZL=L-1

DD=DO*( ZL~XLAM

~le ) ®(ZL+XLAM Y/(ZLw%2+7ZL%#XNU)

TEMI=TEM]1+DD*ZX#% (| ~1)

40 CONTINUE

ARTFL=((14=XMU)/(1e+XMU) ) RX(XNU/24)

PP=2ARTFL*#TEM]
GO TO 41

35 ppP=1.
41 CONTINUE

DP=0e
RETURN

END
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PROGRAM I1
DIMENSION FDIM(20) 4BMIN(2C) «DMINI20)

DIMENSTION ETA(IO)9WF1(1O)9WF2(10)9BWF1(10)odwFZ(lo)
NIMENSTON ELAM(QO).ZZZ(AO.?D).PD(AGO).C(AGO).:ntan\

COMMON /8LOCK1/ETAGZWF1 sWF2+BWF19RWF29XXI
READ(R.7000) (FTA(T1)s1=24+4])

7050

REAN(5,5,1C) RMAX s TMAX oDFLTT ¢ TSTARTIRSTART
FARMAT(3F1548)

7A01

READ(597001) NFMAX,ZNToNR
FORMAT(315)

7007

WKITE(Ae7002)
FORMAT(1HI1)

FTA{1)=ETA(4)
ETA(B)=ETA(2)

BLAD(5410) (F(I)eI=1sNFMAX)
FORMAT(S5F10e0)

10

READ(5410)THE $PSI
UU=COS{THE)

LLMAX=50
PI=3.1415926

ELPHA=PI /2
PPHI=2.%#(PI-ALPHA/2,)

T XNU1=PI/PDHI

AR S 1=PSI-PPHI/2.

DZLR=RMAX/NR
PDELT=TMAX/NT

1

WRITE(691) (ETA(I)s1=1+3)sRMAXsTMAXS yDELTTsDELRSDELT
FORMAT ( # ETA(L1)=#eF12e543X s ¥ETA(2)=%9E124595Xs*ETA(S) =¥, C126%/

1% RMAX=#sE12eD 35X s ¥ TMAX =% 9E 1705 95X ¥DELTT= =% 4E126595Xe*¥DELR=#,
2F12 455X o #DELT=%*43E1265)

WRITE(6,s7005) UUsPSI

7005 FORMAT(2X s #UU=%9F15e895X4¥PSI= #4FE1548)
? WRTTE(G 5 70073
, 7002 FORMAT(//3Xs#F (1) %)
' WRITE(6+640) (F(I1)s1=1sNFMAX)
FORMAT(5F2045)

ahn

DD 442 J=244
SIGNEP=SIGN{lesETA(J+1))

CSIGNEM=STGN(lesETA(J-1))
ABSEM=ABS(ETA{U-1))

- TAZSEP=ABSIETA(J+1))

FUPJM=FETA(J=1)*%2+ETA(J+1) ¥*2

[FISURTTEIPIMT=(1+F=08)) 444944445445

444 WO=P1 /4,

RWO=(De*P 1) /b
¢ TO 446 - 28




w0 = ASIN(ABSEM/SQRT(FUPUM) )
BWO=ASTN(ABSEP/SQRT(EJPIM) )

CRWEP () =2.#PI-RWF1(J)

A

L4ap

CONTINUE

_ WF1(J)=(PI/2e=WOXSTIGNEM)*(2e/34)

WE2(J)=2%PI=WF1(J)
EﬂFl(J)=(PI+BWO*SIENEP)*(2./3.)

CONT INLIE

1n0u

TTIaaT

NiMB=0,
_READ(5+1001) ITsNMAX 4L MAX

FORMAT (215)
TF{ENDFILF 5) 9999,1C02

1002

COMNTINYF
[(1] oEQe 1) 101,103

ODD FUNCTION

101

[ IMAX=t MAX+NMAX
READ(5,1001) NUMBOF

NBRBK=0
WRTTE(6s2)

FORMAT (1-1+/7% ORD FUNCTION®*)
NCALL=NMAX '

LCALL=LMAX
L0 TO 104

C SVEN FUNCTION

103

ITTVYAX=LMAX+NMAX+2
READ(S,1001) Numaos

NBRB=0
WRITE(643)

3

FORMAT(IR1+//% EVEN FUNCTION )
NCALL=NMAX+1

104

LCALL=LMAXY+T
CONTINUE

502

WRTTETE 3 502) NMAXSLMAX s ITMAX s ALPHA sPPHI S XNU T
FORMAT { ¥ O NMAX=%31595X s ¥ MAX= ¥aI595Xs ] IMAX=H#, 5 /5X,

110

1ALPHA=%,E£127, 595X s ¥PPHI=%*,E12, 5,5X9*XNU1 *’Elz 5)
READ(54100) XLAMSEFFM

100

FOIMAT(5E15.8)
TF(ENDFILE 5) 1000,1111

1111
2000

CONTINUE
NEMB=NUMB+]

EOLD=EFEM
NBBR=NBBB+1

RFAD(S;IOO) (BMIN(I);I lsNCALL)

29




TREAD(5,100) (DMIN(L)sL=1sLCALL)
CALL T102(XLAM,14,FENIM,ERBREDR)

AAAAAA=BRRRRR
WRITE(6+32) XLAMyAAAAAASZEQOLD

32 FORMAT( * XLAM=%3F144995Xs%AA0=%9F 146995X 9 *¥K (LAMDA)=%,4F1649)
WRITE(6+503)

203 FORMAT(// * COEFFICIENTS OF EIGEN-FUNCTIONS#*)
WRTITE(6+304) (BMIN(I),1=14NCALL)

WRTTE(6+304) (DMIN(L)sL=19sLCALL)
304 FORMAT(5E20eB/(5Xs5E2048))

WRITE(69401)
401 FORMAT(///7)

FLAMUNUMB)Y=FEFR M
CALL T102(XLAM,AAAAAALEDIM,B3BRRAE)

DO 2001 T=1l,1N
2701 2ZZ(NUMB,I)=ECIM(I)

TFTUU) 21005,200252007
2002 CONTINUE

S IF{I] «FQe 1) 200,203

" OBD FUNCTION
250 XMU=UU

OHI=PST
PPUS=0e

D0 201 J=14NCALL
S55=J

CALL PPDD(SSesXLAMsXMUSLLMAX sPP4DP)
SINFU=SIN(J*PHI)

PPUS=PPUS+BMIN({J)*PP*SINFU
201 CONTINUE

GG INUMB) =PPUS
GO TO 119

L C FVEN FUNCTION

203 CONTINUE
xMuU=uu

PHI=PSI
PPUS=0.

DO 206 J=1¢NCALL
£5=4-1

T TALL PPDDTSS s XLAMy XMUSLLMAX sDF4DP)
COSFU=COS({SS#PHI)

OPUSTOPUSFRAVINT I T ¥PPRCOSFU
206 CONTINUE

GG UNUMBT=PPUS
¢CH TG 110 30




2100

IF(I] «EQe 1) 301,400

r
~
ra

301

ann FUNCTION

XMU=UU

PHI=PSI
PMIN=0,

DO 302 L=1.LCALL
SS=(2*L-1)#XNU1

CALL PPDD(SSsXLAMs—XMUsLLMAX PP 4DP)
SINFU=SIN(SS*PHI)

202

DMIN= PMIN+DMIN(L)*pp*qINFU
CONTINUE

GG(NUMB)=PMIN
GO TO 110

c EVEN FUNCTION

400

XMU=Uu

' OHI=PSI

PMIN=0
DO 402 L=1,LCALL

SS=2# (L-1)%*XNU1 ,
CALL PPDD(SSeXLAMy—XMUSLLMAXsFP4DP)

COSFU=COS(SS*PHI)
PMIN= DM1N+DMIN(|)*DP*C0§FU

CONTTINUE
GG (NUMB) =PMIN

GO TG 110
MAXNLUIM =NIUMB

DO 2006 I=1410
CONTINUE

R==DELR +PSTART
R=R+DELR

TFTR-RMAX) 2202+2202+2201
STOP

CONTTINUE
WRITE(6s7004) R

FORMAT (/75X s ¥R=¥3FE 12459 11X 9 ¥P# 317X 9% T*)
z=DELT+TSTART

T=T+DELT
IF(T-TMAX) 2602+26n2+2200

CONTINUE
nO 2400 N=1,NFMAX

ST=T=-N#DFELTT +0.0001
IF(ST) 2203,2203,2205

2203

RIGD‘:OO .
GO TO 2400 3




XX1=R/ST .
TF(XXI-1e) 2300220752207

CONTINUE
CALL FSF(BPST,UU,F2,PPHI)

BIGP=FS
GO_T0O 2400

2200

RIno=0,
DO 2309 I=14MAXNUM

CALL INTER(XXIsT1927Z+ZXXI)
SIGP=BIGP+ELAM(T) #ZXXI#GG (1)

23nQ
2400

COANTINDE
PP (N)=BIGP

SIMFP =0
NO 240% M=14NFMAX

SUMFP=SUMFP+ PP(M)%F (M)
WRITE(692407) SUMFP,T

FORMAT(19X92E2048)

GO TO 2525

STOP
END

32




SUSROUTINE INTER(XXI s ICOLSZZZ+ZXX1)
DIMENSION 72722(404520)

N=nN
X=0,

10 N=N&1

TF(X=XXT) 10420530
20 2XX1=222 (1COLsN)

GO 10 50
30 TF(N oGTe 10) GO TO 40

IF(N oLEe 1) GO TO 60
ZXXI=ZZZ(ICOL9N—1)+(ZZZ(ICOL;N)—ZZZ(ICOL,N-I))*(XXI-X+O.1)/O.1

GO TO 50 ’ |
40 WRITE(6e81) XX]

41 FORMAT(//* ERROR IN SUBes INTER --FOR XXI=%*sE12459% IS OUT CF
INGE*) :

m o
RA

STOP
50 CONTINUE

r WRITE(6951) XXT9ZXXIsZZZ(I1COLsN=1)+22ZZ(ICOL sN)
51 FORMAT (% SUB  INTER¥*s 5F20.8)

G0 T0 &5
50 TF(ICOL +GTe 1) GO TO 61

222777=1,
60 T0 64

61 2722727=0.
64 CONTINUE

LXXT=(Z2ZZUICOUs1)-ZZZ7ZZy%XX1+2227222
65 CONTINUE

RETURN
END
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" SURRGUTINE FSF(BPSIsUUsFSsPPHI)

DIMFNSTON FTA(10)9X(10)9(10) aWFII0YV4WF2(10U) 4RWFIL10),BWELS (I

COMYUN /BLOCKL/ETA WF1owWF2+4BWF19BWF29XXI

_FP8=1,E-06

PI=341415926
99“523220/30

199

EEPS=1.E-05
CONTINUE

X{2)=XXT#SORT (1e~Ut1xx2 ) #STIM(RPST)
X(2)=XXI*SQRT(1e=-UUs*2)1%¥COS(BPST)

Y UG Y ESYX T *UU

TESTX2=ARS(X(2)

)

O TESTX3=ABS(X(3)

TESTX4=ARS(X{4)

)
)

191
192
197
104
1 GR

TF(TESTX2 oLE
X(21=0s

EF3) 1914192

TF(TFSTX3 oLFe
X("()=Oo

EPS) 192,194

TCONTINUE
CHOMTINUE

2.1

24Ul

X(1y=x(4)
Xt5)=X(2)

TF{XXT=1e) 201,

203,203

WRITE(A9202)  XXTsX(2)9X(3)eX(4)sUUsRBPSI

FORMAT(* ERROR XXI oLTe 1-

STOP

~——CASE A% 6E1445)

20

204

TFTXT2) «GTe 0o
THALPI=ABS(BPSI

«ANDe X(3)
~1457079632)

eGTe Co oANDe X(4) oCTe Co

120649206

208

TF{THALPI-EEFRS)
RPSI=BPSI+EEPS

20842084209

209

G TO 199
WRITE(64205)

o)

FORVMAT (¥ ERROR
STOP

X{2)eX(3),

AND X(4) «GTe 1E-06—--—CASE

206

SUMXN=0 e
DO 207 J=2+4

RN

SUMXN=SUMXN+ETA
IFISUMXN=-1s) 21

(J)y*X(J)
592135211

ERRS

2713

719

F5=0e
GO TO 300

TFSETYe D
Y TO 306

T CPERT I 4
TFIX{J)y=ETA(I))

22192239227

221

T J)I=100.
N TO 259

34




VAL2=1e=FTA(J) %X (J)

VALT=SORT(ETA(J=-1) ¥ %#2+ETA(J+1)#%2)

Y=(X(J-1)*VALLl)/VALZ
7=(wX{J+1)*VALT)/VAL?Z

PHN=SORT (YR*2+7%%2)
IFIRHO=-1s) 225,225.251

325 CONTINUE

IF(RHO-EPS)22642264228

26 TAU=PTI/2.

sNTO 240

28 CHONTINUE

: »TAun=ASIN(ABS(7/PHO))

IF(7) 2354231,23]
A1 TF(Y) 2334222,237

T2 TAy=TAU0

GN T 240

327 FAJ=PTI-TAUD

G0 TG 240

TALTTR (Y)Y 236423k 4237

36 TAU=PI+TAUOD

~0 TO 240

27 TRIX(J)) 1237,1237,1238

37 F(J)Y=100.
20 TO 269

3% CONTINUE

WRITE(64228) TAUQsTAUSYs?Z

38 FORMAT{* ERRCOR FCR Y

eCT e

AND Z oLTe C====CASE C#/4E20.8)

WRITE(69252) JeVALTsVALZ2sRHO X (2) X (3) 9X(4) s XXTsBPST sLil

STNP

240 CONTINUE

Wi=wF1(J)
w2=wF2(J)

RWl=8BWF1(J)
RW2=BWF2(J)

CALL CONZD(RHOsTAUsW1 sW29sCONS23sFIF)
CALL CON2D(RHOTAU,BW1 sBW2sCONS23,FIIF)

SIGNEP=SIGN(1lesETA(J+]
SIGNEM=SIGN(1lesETA(J-1

B
))

ST FIUJY= ({1e-FIF)*SIGNEP+FIIF*SIGNEM)

GO TO 259

TTTPRT OF(J)Y=100.

£Q CONTINUE

“S8% CANMTINUE

53 FARMAT(13,9E134.5)

(',HMon.
NN 261 J=244




@

o

T

261

SUMF=SIIMF+F { J)
CONTINUE

260

TF(SUMF=EPS) 26092604262
FS=SUME+1,

GN TO 300

262 COMTINUF

c

IF(SUMF=90s) 2635263265

=1
263

NSTDE ALL THREE CONES
WRITE(69264) (FUJ)sJ=194)sFIFSFIIF

754

FORMAT (* ERROR SUMF oLEe 90==-CASE D¥*/6E20.8)
WRITE(64200) VALL1sVAL2sY+ZsRHOsTAUO WL sW2sFIF sBW1sRW2sFIIF

STop
[F{SUMF=1904) 26792674269

—INSIDE TWO CONES AND OUTSIDE THE THIRD CONE

CFS=SUMF=-100.

GO TO 300

TF(SUMF=2904)2714271+272

INSTDE ONE CONFE  ONLY
FS=SUMF=~199,

272

GO TO 300
CONTINUE

C-—==0

UTSIDE ALL THREE CONES

213

DO 279 J=244
TEST=FTA(J=1)*X(J=1)=ETA(JIX(JII+ETA(J+1)%*X{J+1)

DJ=ETA(J+1)
DM=ETA(J=1)

275

TF(X(J) eLEe Oe o¢ANDe TEST oLTe 1le) 2755279
TFIX(J+1) oGEe DJ oORe X(J=1) oGFe DM) 281,279

219

CONTINIJE
FS=1l.

281

GO TO 300
FS=2,

300
301

CONTINUE
FORMAT (* SUB FSF(NEW)* 5Xs 5E2048)

200

FORMAT{6EZ208)
RETURN

END

36




SURROUT INE CON2D(RHOTAUSW1 sW2+SSsPC)
EPSIL=04000001

10

CON1=1,~RHO**2
TF(CONI+EPSIL) 10410514

WRITE(6s11)

11 FORMAT(* 1-RHO#%24EPSTL oLEe ZEROs CHECK THE PROGRAM %)

14

SToP
IF(CON1 )15415,17

15

GG=10
GO TO 21

17
21

GG=(Rﬁb/(1.+SQRT(CON1)))**SS
BTAU=SS*TAU

DD=(1e-GGX%2 ) %SIN(OeS*(W2-W1) )
CC=(1e+GG*%2)%#COS(0e5* (W2 -W1)) =2+ *GG*COS(BTAY~

(Wo+W]1)%0,5)

SQCD=SQRT (CCH*#2+DD#*2)
IF(SQCO-EPSIL) 23,25,25

23

'6C=Oo5
GO TO 130

25
26

IF(CCY 28,26,26
PC=ASIN(DD/SQCD) /P1

28

GO TO 30
PC=ASIN(DD/SQCD) /PI%#(=14)+1

30

CONTINUE
RETURN

END

37




SUBROUT INE T102(XLAMSsAAAAAASFDIMyBBRBBA)
T UDIMENSTON EDTIMUTZOY
COMMON XX XXL
XXXXT=XTEM™ —
XMAX=0,9989
T T X O =000
XOXL=F3(XLAM4X0)
T XX PRt AMT XYY
XOXLM=F3(XLAM=1esXN)
XOXTEM2=F St Xt AMF2 o5 XY
10 FO= (XOXL+XLAM* ({XLAM+1 ¢ ) #XOXLM2/ (4 4%#XLAM+6,) ) #AAAAAA
- GUETXUAM*¥XOX CMF X CAMF T o TH IXCAMF ), THXCAM¥RXOX P 7t s ¥ XTAMF G o T FARAAAR ™~~~ ~°~
DELX=0.001
X=X0D
E=F0
G=0
1=1
- XTEST=0+099%
20 XK1=F1(X+FosG)®DELX
XEl= [AS] 1%
XK2=F1(X+DELX/2e9 F+XK1/24s G+XL1/24)%DELX
I Xt 2 =2 XD 2 F Y25 GFXtT 72 M OEEX oo
XK3=F1(X+DELX/2a9 F4+XK2/24s G+XL2/2.)*DELX

- XL X . . ! 3
XK4=F1{X+DELXs F+XK3s G+XL3)*¥DFLX
S 3 o s ¢ )

DELF=10/6.*(XK1+20*XK2+2.*XK3+XK4,

201

p—

IF(X-040099999) 20,431,331
© 3T X=098999 32532533
32 DELX=0.01
GO—To—20
33 IF(X-0e9989) 34+40,40
34 DEEX=0001T— -
GO TO 20
— = 40 2ETA=To=X
Cl==XLAM® (XLAM+1s) /2,

PN Tt G W S P Y SN PR PR ey
CEINUSUTTLTTATGT /I UVl FUITRIT T T

38




41 BBABBB=1.,/GEND

T EOTMT)=GEND
RETURN

ENTY
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FUNCTION F1(AsBsC)
COMMON  XLAM

T1=C
RETURN

END

40




FUNCTION F2(AsBsC)
COMMON  XLAM

"2=(—2.*A*(A**2-1o)*C-XLAM*(XLAM+1.)*B)/(
RETURN

ARXO® (A%%2-1,))

END

41




FUNCTION F3(DsF)
FA=FXD(D*ALOG(E})

RETURN
END

42




f

[

SURROUTINE PPDD(SS;XLAM;XMU;LLMAX;PP;DP)

SUBROUTINE PPDD~-~WITHQOUT DP

XNU=5S
EPS=1.E=06

DD=10
TEM1=1,

IX=(1le=XMU)/2 '
IF(ABS(ZX) oLEe EPSeANDs ABS(XNU) oLEe EPS) 35,31

31

CONTINUE
DO 4n L=2,LLMAX

ZL=L-1
DD=DD* (2L ~XLAM —le ) ¥(ZL+XLAM V/(ZL*%2+2 #XNU)

40

TEMI=TEM1+DD*ZX** ([ -1)
CONT INUFE

ARTFL=((1e=XMU)/(1e+XMU) I **¥(XNU/24)
PP=ARTFL*TEM]

)

b

GO TO 41

PP=1,

L%

CONT INUE
Dszo

RETURN
END
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Fig. 1 Oblique incidence of a plane pulse or a t'hree-dimensional corner



Fig. 2 Section normal to the i-th axis
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Fig. 3 Pressure distribution on the face § = 0 due to the incidence of a plane pulse with direction cosines 0.3, 0.4. 0.866
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Fig. 4 Pressure distribution on the face e =-31n/4 due to the incidence of
a plane pulse with direction cosines 0.3, 0.4, 0.866
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